SUInInary. Between 1973 and 1982 twenty-seven patients with post-traumatic syringomyelia had operations performed to drain the cyst. Three types of operation were performed, cord transection, tube syringostomy to the sub-arachnoid space and tube syringostomy to the peritoneal cavity. Five patients developed proven blockage of their catheters. The results are presented. Pain was dramatically and gratifyingly improved in 14 patients. Motor power showed the most consistent improvement in 14 patients. Only eight patients showed sensory improvement; this was the least likely to improve. The progress of the condition could be arrested in the majority of cases, but a small number continued to deteriorate and required further operations.
Introduction
POST-TRAUMATIC syringomyelia has recently been recognised as a complica tion of spinal injury (Bastian, 1867; Strumpell, 1880; Holmes, 19 15; Freeman, 1959; Finckel, 1960; Gardner, 1965; Barnet et at., 1966; Shannon et at., 198 1; Vernon et at., 1982) . Operations have been performed upon the cyst to try an modify the progress of the condition and relieve the symptoms. It is the purpose of this study to review the results of surgical treatment in 27 patients.
Method of Study
We know of over 50 patients with post-traumatic syringomyelia. All patients in whom we made the diagnosis were referred for investigation, apart from two who died before the surgical era, one who lived in Scotland, one who lived in Ireland, one who was too old, and one who was too ill.
Two patients attended a neurosurgical centre but declined to have further investigations.
Patients
Twenty-three of the patients were investigated and operated upon at the National Hospital for Nervous Diseases, Queen Square. Four patients were treated elsewhere, two 0. D. & P. W.) at Oxford, one (R R) at Sheffield, and one (C. H.) at Birmingham. The clinical details of 24 patients have been presented in a previous publication (Vernon et at., 1982) . The details of a further three patients are presented in the accompanying Table  I . arm, precipitated by a bout of bronchitis.
Follow-Up
Twenty-four patients were followed up at the National Spinal Injuries Centre for a minimum of five weeks and a maximum of five years and ten months, apart from (B. H., E. F. who were lost to follow-up, Table II and J. D.). 
Investigations
Routine plain X-rays of the spine were carried out at the National Spinal Injuries Centre. Specialized views of the cervical spine were frequently necessary in the neurosurgical centre, since the differential diagnosis of advancing symptomatology in patients with spinal trauma include degenerative spinal disease at a higher level, in particular cervical spondylosis.
The specific investigation of post-traumatic syringomyelia has for many years been myelography with oily or water soluble contrast media. Initially, oil or air contrast was employed in an endeavour to demonstrate expansion of the cord above the level of the trauma, and alteration in its calibre with change in posture. In a number of instances (Kendall and Symon, 1973 ) the procedure of endomyelography was employed, a fine needle being introduced, usually in the upper dorsal level, into the centre of the spinal cord and a small injection of oil or water soluble contrast medium into the cystic cavity in the cord was carried out. This manoeuvre in some instances is associated with transient resolution of pain, and indeed its employment (Booth and Kendall, 1970) in cases of true idiopathic syringo myelia, was one of the stimulii to the development of drainage procedures for a post-traumatic syrinx. Most recently however, water soluble contrast, (Metrizamide) had been employed to outline the spinal cord above the level of the trauma, introduced either by lumbar or more frequently by a cisternal injection, and this has been followed by CT scanning at about 6 and 24 hours. We have found that Metrizamide commonly diffuses into the cavity of the syrinx, and CT scanning of the cervical and upper thoracic region will reveal the characteristic density of the syrinx, without the necessity to puncture the spinal cord itself (Gentili, Davis and Symon-in prepara tion).
Surgical Management
In the present series of cases, three forms of surgical treatment have been employed.
I. Cord transection 2. Tube syringostomy from the cyst to the subarachnoid space 3. Tube syringostomy from the cyst to the peritoneal cavity using a Raimonde low pressure valve system.
The technique of cord transection was earliest employed, but is, of course, applicable only to patients with complete paraplegia. In addition, we have not been satisfied that cord transection invariably results in satisfactory drainage of the cyst over a prolonged period of time, since arachnoid adhesions tend to form and occasion reaccumulation of fluid within the cord. As the necessity of drainage of cysts in incomplete paraplegics became apparent, the operation of tube syringostomy was commonly performed. This operation was customarily performed, some segments proximal to the level of trauma, usually at the T3-4 level. In patients with cervico-dorsal injury however, tube syringostomy could be performed at any level of the cervical spine. The operation is performed through a midline incision, and a small laminectomy of 2-3 vertebrae, the dura being opened under the microscope and dissection pursued through the thin posterior columns to expose the central glial cavity. The cavity is drained by the insertion of the ventricular end of a small Pudenz catheter into the cavity, cephalad for a distance of 4-5 cms. The catheter is anchored by an encircling stitch to the deep surface of the dura, and its distal end led down anterior to the denticulate ligament into a conveniently patent area of the subarachnoid space. The occasional difficulty due to extensive adhesions in the subarachnoid space and an apparent tendency for blockage of the subarachnoid portion of the catheter, has led to the development of the operation of syringo-peritoneal shunt. Revision of tube syringostomy can be a difficult procedure, and this operation has now been replaced routinely by an operation to lead the distal end of the catheter through the carefully closed dura, anchored in the muscles by the medium of a metal connector, to the armoured catheter of the Raimonde low pressure drainage system. The tubing is led down into the flank, the laminectomy wound closed, and the patient turned to expose his abdomen. A small midline or oblique right subcostal incision is then made, and the catheter is picked up in the flank incision, and led round into the abdomen. A suitable length of catheter is placed in the abdomen. The results of this procedure which has become the routine method of surgery, are currently being evaluated.
Complications
In one patient wound breakdown occurred, necessitating secondary closure of the wound.
Two patients developed C.S. F. leaks requiring serial lumbar punctures. Five patients developed signs of catheter blockage with neurological deterioration and have been re-operated on to revise the drainage of the cyst. (One is awaiting revision).
Results
The results are presented in Table III . We have concentrated mainly on the results of the first operation though subsequent operations are discussed where appropriate.
Pain
Pain is a very difficult symptom to describe, especially in paraplegic patients, as they may suffer from several forms of pain.
I. There are organic forms of pain due to such conditions as frozen shoulder, fibrositis or arthritis in the normal or partially denervated upper limbs. These conditions are particularly common in para plegic patients as these limbs are taking an excessive load, the arms doing the work of the paralysed lower limbs. In addition there is pain at the fracture site due to long standing local tissue damage. 2. There is central pain in the neck which radiates down the arm, and which may be aggravated by coughing and straining. 3. There is pain at the level of the lesion which is not affected by coughing and straining and has, in the past, frequently been diagnosed as root pain. Pain from a cyst was the commonest presenting feature and the one most amenable to surgery. It was the central type2 or at the leveP of the lesion that we are particularly concerned with here. Other forms of root pain and phantom pain4 are unlikely to respond.
Fourteen patients showed a lasting amelioration of the symptoms ranging from improvement to complete relief. One patient who had no pain pre-operatively developed pain post-operatively for a short period. Four teen patients who had no pain pre-operatively remained free of pain post operatively. Three patients had no change.
Relief was very striking when it occurred. Some noticed relief when they recovered from the anaesthetic. Failure or relapse has been shown to be due to a blocked catheter and now all the cases that have deteriorated are being reviewed in the belief that the deterioration is due to further accumulation of fluid in the cyst. One patient, (S. 1.) was well for a month after his syringo-peritoneal shunt and then the pain recurred, and motor and sensory deterioration were observed. It was some months before the recurrent cyst could be demonstrated during which time his condition became appreciably worse. A second operation did not return him to the satisfactory state that he was in following the first operation.
Patient (G. V.) had a complete Dl21esion. He had two forms of pain; one a stabbing pain in his scrotum and groins radiating between his legs, and this was his main disability for some years. He developed severe drilling neck pain. This latter pain disappeared following surgery to drain the cyst, but the pain in his scrotum became more prominant and became his main complaint once more.
In contrast patient (S. T.) aged 43 had a lesion at DIO. He had had pain at the level of his lesion for years, and then developed pain in his neck and shoulder which was diagnosed as cervical spondylosis until sensory loss was observed and the diagnosis of syringomyelia was made. Post operatively he had complete relief of the pain at the level of the lesion, but the shoulder pain resolved much more slowly.
Patient (J. Re) who had a complete lesion at D6 developed severe pain in the left shoulder with associated spino-thalamic loss. Drainage of the cyst relieved the shoulder pain but he was left with some tender areas which were relieved by injections of local anaesthetic. There are thus more than one pathway for the pain peripherally.
One patient (J. D.) developed pain for the first time after surgery. Fortunately it was not severe and it did not last long.
Pain was the symptom that the patients complained of most pre operatively, they were most grateful for the relief and stated that the procedure was worth having for this alone and they were willing to have the operation repeated when the pain recurred, showing how effective the pain relief was.
Motor Function
Following operation 14 patients had improved motor function; 4 showed no change, 6 patients deteriorated but then had further operations and improved. Three patients have deteriorated and have not been re-operated upon. In the 14 patients who improved, the improvment was not dramatic but was only an increase of about one point on the MR C scale and was usually reported by the patient as an increase in the strength of grip. Thus T. G. had global weakness of the right hand with associated sensory loss.
Post-operatively the grip improved although the sensory loss ascended two segments. Two patients who deteriorated had a return of pain. Both patients improved following a second operation. A further patient only noticed the weakness retrospectively when the operation resulted in im provement.
Sensory Function
Eight patients improved after the first operation, two were the same, I I deteriorated. Two patients had two operations. Patient (S. I.) had no immediate change after the first operation but deteriorated when the shunt blocked. He improved after the second operation but did not return to the state achieved immediately after the first operation. Patient (K. T.) had sensory loss from C3-D6 on one side, and post-operatively completely recovered all modalities of sensation to D6 and became normal again. He is the only patient whom we have seen who has made a complete sensory recovery. Patient (T. G.) had sensory deterioration following surgery and the level ascended I t segments, although motor power returned completely to normal.
Bla dd er, Bowel and Sexual Function
No patients showed any change in their bladder, bowel or sexual functions.
Discussion
The surgical treatment of post-traumatic syringomyelia was first described by Barnett et al., 1973 . Initially they carried out a transection of the cord at the level of the injury to allow the cyst to drain freely. Subsequently they developed a technique of also inserting a catheter, Shannon et al.
(198 1) have given a full description of the surgical treatment. Tator et al. (1982) have described excellent results in four patients. It is not the purpose of this paper to discuss the surgical technique, but to concentrate on the results and the follow-up of surgical intervention.
Operative treatment is comparatively recent. The first operation in this series was carried out in 1975. Initially the cord was transected, but the results were unpredictable, the problem being that the arachnoid tended to seal up the drainage of the cyst. For this reason this operation was abandoned and the cysts were drained more formally by a catheter into the subarachnoid space. The problem of the arachnoid also sealing off the catheter still remined. To avoid this the operation of syringo peritoneal shunt was devised, the catheter draining into the peritoneal cavity.
Clinical deterioration has been assumed to be due to blockage of the drain, with the reaccumulation of fluid within the cyst causing pressure upon the surrounding structures. The diagnosis is easy when the clinical deterioration is the re-occurrence of pain; but in some patients deteriora tion occurred without any pain occurring.
The result of the operation has usually been beneficial. It stops the pain, relieves some of the symptoms and in some patients arrests the progress of the condition. As yet it is impossible to predict which patients will benefit, and some indeed deteriorate after surgery. However a study of the natural history of the condition and those patients who have benefitted from surgery may provide some further information and some tentative conclusions.
The exact relationship of the cyst or cysts to the motor or sensory loss is not easily explained on anatomical grounds. The cyst is commonly found at the base of the posterior horn at quite a distance from the motor fibres and the posterior columns and it is thus easy to understand why motor involvement should be late, and involvement of the posterior columns very rare.
The signs and symptoms may be less related to the size and location of the cyst then to the speed of growth and tension within the cyst, since one patient (D. E.) had a large cyst but only minimal motor loss, while other patients have had severe manifestations with little, if any, radiological evidence of cyst formation.
Motor power has shown the most consistent improvement. It is com monly a late manifestation and thus the motor fibres which have been compressed for the shortest period of time, will be the most likely to improve.
Posterior column loss is very rare and can similarly be explained because of their considerable distance from the site of cyst formation. However, other features such as the speed of growth and tension within the cyst seem to be important since if the sensory loss takes place very slowly, such as in the case of (K. T.), there is a greater chance of improvement than when there is a dramatic overnight deterioration (T. G.), a slow onset would indi cate pressure but a rapid onset is indicative of destruction. This is in common with other compression lesions of the spinal cord.
We have seen from post-mortem examinations that multiple cysts may be present. This has been confirmed by myelography (K). That they need not intercommunicate has been demonstrated by one patient in the series, when at operation three cysts were found by needling, the fluid from each aspiration having a different specific gravity. One questions, therefore, whether the deterioration which occurred may be due to a fresh cyst forming or to the catheter failing to drain all of the cysts at once.
One patient, (R. R.) had cord excision performed to relieve pain. This was in part successful although the location of the pain which ultimately returned was different. In addition he had the clinical picture seen classi cally in syringomyelia. The lower end of the cord which was removed was cystic. It may be that cord transection for pain, which is sometimes very successful, acts as a cyst drainage operation.
Conclusion
Symptoms of pain in post-traumatic syringomyelia can be dramatically relieved by drainage of the cyst. Motor weakness is the most consistent sign to be improved. The progress of the condition can be altered. How ever, the follow-up in this series is insufficient to determine whether this is permanent. In a small number of patients the condition has continued to progress. As a working hypothesis it has been assumed that surgical drainage was impaired and that this could be improved by a further opera tion. It is too early to say if this hypothesis is correct. However, it is clear that failure to operate will inevitably, sooner or later, lead to progressive and severe disability.
